Background: Aerobic and muscle-strengthening activities are related to morbidities and mortality. Resistance exercise/strength training items are included in national surveys, but the manner in which muscle-strengthening activity is queried varies among these surveys. Purpose: The purpose of this study was to use different selfreport measures to examine the prevalence of meeting the 2008 Physical Activity Guidelines for Americans regarding muscle-strengthening activities among women. Methods: We surveyed 606 community-dwelling women at 4 points in time across a 1.5-to 3-year time period to determine whether the respondents met the national physical activity guidelines for performing muscle-strengthening activities ≥ 2 days per week. Results: Results were consistent across time but depended on the manner in which the question was asked. If asked to reflect over the past month or a general question about the typical number of days engaged, approximately 40% of women reported engaging in ≥ 2 days per week of resistance exercise/strength training. However, when reports were obtained weekly for 13 weeks, only approximately 18% of respondents met the guidelines. Conclusion: Results indicate that the timing and nature of questioning can substantially influence the selfreported prevalence of muscle-strengthening physical activities for community-dwelling women.
activities of moderate or high intensity involving all major muscle groups on ≥ 2 days a week, in addition to aerobic activity, to achieve health benefits. It is notable that the American College of Sports Medicine and the American Heart Association have developed position statements directed specifically to resistance training for health purposes. 13, 16 In line with these updated physical activity (PA) guidelines, the recently released Healthy People 2020 17 has specific goals related to MSF, including objective PA-2.3: "Increase the proportion of adults who perform muscle-strengthening activities on 2 or more days of the week." The target of PA-2.3 is to have 24.1% of adults perform muscle-strengthening activities on ≥ 2 days of the week. The goal is based on a 10% improvement over the 2008 baseline of 21.9% of adults; however, there is a large gap between the genders with respect to meeting the guidelines for muscle-strengthening activities. Among women, only 18.3% meet the guidelines compared with 25.7% among men. 18 To ensure that PA goals are set appropriately and to determine whether these PA goals are being met, it is important to have accurate methods of assessing involvement in musclestrengthening activities in the U.S. population.
Surveillance mechanisms often query PA behavior in a way that provides limited information on an individual's specific involvement in muscle-strengthening activities. In addition, assessing the amount of musclestrengthening activity is problematic because questions vary among surveys. For example, the national survey conducted annually since 1984 by the Centers for Disease Musculoskeletal fitness (MSF; ie, muscle strength) is increasingly recognized as an important contributor to health as MSF is associated with all-cause mortality, 1 cancer, 2 hypertension, 3 stroke, 4 metabolic control, [5] [6] [7] cardiovascular disease risk factors, 8, 9 executive function, 10 and obesity. 11, 12 Resistance training (RT) is the most potent muscle-strengthening activity for improving or maintaining MSF. Williams et al 13 report positive relations between RT and bone mineral density, lean body weight, muscle strength, insulin sensitivity, and basal metabolic rate; and negative relations between RT and percent body fat, insulin response to glucose challenge, and basal circulating insulin concentrations. Among these health benefits from RT, improving and maintaining bone mineral density is particularly important to adult women since they are at an increased risk of bone demineralization resulting in osteopenia and osteoporosis. 14 Furthermore, evidence is growing rapidly regarding the importance of RT as a complement to aerobic activities, with each mode of exercise providing distinct health benefits.
The U.S. Department of Health and Human Services' 2008 Physical Activity Guidelines for Americans 15 recommend that adults engage in muscle-strengthening Control and Prevention using the Behavioral Risk Factor Surveillance System (BRFSS) 19 did not ask specific muscle-strengthening activity questions through 2010. The 2010 BRFSS exercise question is, "During the past month, other than your regular job, did you participate in any physical activities or exercises such as running, calisthenics, golf, gardening, or walking for exercise?" Note that the only words related to muscle-strengthening activities are "calisthenics" and "gardening." For 2011, the BRFSS 19 has added several questions on PA involvement including 1 question specific to muscle-strengthening activities: "During the past month, how many times per week or per month did you do physical activities or exercises to STRENGTHEN your muscles? Do NOT count aerobic activities like walking, running, or bicycling. Count activities using your own body weight like yoga, sit-ups, or push-ups and those using weight machines, free weights, or elastic bands." The 2011 National Health Interview Survey (NHIS) 20 asked, "How often do you do physical activities designed to strengthen your muscles, such as lifting weights or doing calisthenics?" Recently, the National Health and Nutrition Examination Survey (NHANES) 21 included an item about resistance training. Specifically, NHANES participants are asked, "How often do you do LEISURE-TIME physical activities specifically designed to STRENGTHEN your muscles such as lifting weights or doing calisthenics?" The variation in PA questions among surveys potentially leads to different results regarding engagement in muscle-strengthening activities.
Although RT is now recognized as important for health, the amount of muscle-strengthening activities conducted by women is not well known and the limited data that do exist might be influenced by the wording on PA surveys. Therefore, the purpose of this study was to use different self-report measures to examine the prevalence of meeting the 2008 Physical Activity Guidelines for Americans regarding muscle-strengthening activities among 731 community-dwelling women. While aerobic activity questions have been investigated, this work is the first to investigate items specifically related to musclestrengthening activities.
Methods

Sample
The sample consisted of 731 community-dwelling women who were completing the Women's Injury (WIN) Study, 22 a 3-year longitudinal investigation of the relation between PA behavior and musculoskeletal injuries. The participants were enrolled in WIN for 1.5-3 years, depending upon their time point for entrance into the study. Each of the 731 WIN participants still enrolled in the study in December 2009 was sent an invitation to participate in an Internet-based post survey, and 606 women (83%) responded to the survey which was conducted over 3 weeks. Only data from these 606 women were analyzed in the present investigation. Procedures were approved by The Cooper Institute's Institutional Review Board and all participants provided written informed consent to participate. Demographical information for the sample is provided in Table 1 .
Survey Methodology
For the current analyses, 3 different reports of musclestrengthening activity were used. These muscle-strengthening activity reports were constructed using data from internet-based PA behavior surveys which were completed 1) at entry into the WIN study (Baseline), and 2) every week of participation in the WIN study: For the current investigation the first (First 13 weeks) and last (Last 13 weeks) 13 weeks were examined (Weekly), and 3) at the end of the WIN study (Post). The questions related to muscle-strengthening activity varied slightly among the baseline, weekly, and post surveys. For the 2 13-week survey periods (First 13 weeks and Last 13 weeks), women were classified as meeting the guidelines using 2 different methods: 1) meeting the muscle-strengthening activity guidelines based on the average days per week of muscle-strengthening activities in each of the 13 weeks for that survey period and 2) meeting the guidelines in at least 10 (77%) of the 13 weeks for that survey period. The questions used in the 3 different surveys (Baseline, Weekly, Post) are presented in Table 2 .
Statistical Analyses
Descriptive statistics (median, range, and frequency) were calculated for all questions using the Predictive Analytics SoftWare (PASW) package version 18 (Chicago, IL) and visually evaluated. Due to the differences in question wording, query method, and/or time of administration, the results from the 3 surveys were not compared statistically. Data are presented as mean ± SD unless otherwise noted.
Results
The prevalence of women classified as meeting the muscle-strengthening activity guidelines based on the response to a single question is presented in Table 3 . The number of women who reported muscle-strengthening activities that classify them as meeting the musclestrengthening component of the PA guidelines was similar for the Baseline and Post surveys and among the 2 Weekly (First and Last 13 weeks) surveys; however, the number of women classified as meeting the musclestrengthening activity guidelines was much greater for the Baseline and Post surveys compared with the First and Last 13-week surveys.
Responses to questions on engagement in specific resistance exercise and muscle-strengthening activities from the Post survey are presented in Tables 4-6 . Among women who engaged in Pilates or yoga or used exercise bands, the vast majority reported doing such activity on only 1 or 2 days per week, but a few reported doing such activity > 3 days per week. Women who reported performing resistance exercise ≥ 2 times per week were much more likely to engage in Pilates, yoga, or band exercises and to engage in these activities on ≥ 2 days per week combined. For the women who report engaging in Pilates, yoga, or band exercises, the average number of days per week of performing these activities did not differ substantially between the women who perform resistance exercise ≥ 2 times per week and those who do not perform resistance exercise ≥ 2 times per week. Among the 222 women who reported performing resistance exercise ≥ 2 times per week in the Post survey, the majority (78%) reported exercising the whole body (upper-, lower-, and core-body) as recommended by the muscle-strengthening activities guidelines. Using only the participants (n = 557) who had all demographic data, we conducted a sensitivity analysis and found nearly identical prevalence.
Discussion
The importance of muscle-strengthening activities for good health is becoming widely recognized; however, little knowledge exists regarding the prevalence of muscle-strengthening activities in the general population and especially among women. The current study provides muscle-strengthening activity profiles for 606 community-dwelling women living in the greater Dallas area and indicates that the manner in which muscle-strengthening activity is queried substantially affects the resultant PA profile for women. When asked a single time how often they typically perform muscle-strengthening activities, women report doing so ≥ 2 per week (as recommended by the current PA guidelines), approximately twice as often as when they are asked weekly for 13 weeks how often they performed muscle-strengthening activities in the past week. This discrepancy in responses highlights the limitation in obtaining accurate information on the amount of muscle-strengthening activities performed by women from a single question asked 1 time and suggests that establishing muscle-strengthening activity behavior profiles based on a single query may substantially overestimate the muscle-strengthening activity involvement among community-dwelling women. Results of this study provide unique insight into the muscle-strengthening activity profile of community-dwelling women and the effect of different methods of query to obtain this profile. When asked a single time, 42.1% and 36.6% of the women in the current study reported that they typically perform muscle-strengthening activities ≥ 2 times per week on the Baseline and Post survey, respectively. The similar results found for these 2 single time queries, although they were worded differently and administered 1.5 to 3 years apart, suggest that single queries for muscle-strengthening activity produce similar outcomes despite their specific wording. Thus, although national survey mechanics (eg, 2011 NHIS and 2011 BRFSS) use differently worded questions to specifically obtain muscle-strengthening activity profiles, the results from these surveys might be comparable. Importantly, if ongoing national surveys add a specific question on muscle-strengthening activity, such as the BRFSS has done for 2011, it appears that the results from such a question could be compared with results obtained from prior surveys such as the NHIS to investigate potential changes over time.
Based on the responses to the 2 single time queries (Baseline and Post surveys), it appears that women in our community-dwelling sample meet the musclestrengthening activity component of the 2008 Physical Activity Guidelines for Americans (muscle-strengthening activities ≥ 2 days per week) well beyond the 24.1% goal for adults in Healthy People 2020. 17 This finding is in contrast to that of the 2008 NHIS which found, using a single question query, that only 18.3% of women report engaging in activities that meet the 2008 Physical Activity Guidelines for Americans with regards to the musclestrengthening activities. 18 The differences in several demographics between the current study and the 2008 NHIS 18 might help explain this discrepancy in findings. Although the current study investigated a group of adult women with a wide range of demographic backgrounds, the sample mainly consisted of middle-aged (54.5 ± 11.6 years), well-educated (mean 16 ± 2 years of education), white non-Hispanic (n = 494, 81% of sample) women. The NHIS sample has a similar racial profile as our sample, but includes 23.8% of individuals (men and women combined) with Hispanic ethnicity. Hispanic women have been found to be more likely to have no leisure time PA compared with the general population. 23 Although the low number of women identified as Hispanic in our investigation could have affected the results, it is unlikely to be the major contributor to the large difference in percentage of women meeting the musclestrengthening activity guidelines in our study compared with those in the NHIS.
The results obtained from querying muscle-strengthening activity each week during the first 13 weeks were similar to the results obtained during the last 13 weeks of the WIN study period. This similarity in results between the 2 Weekly query periods existed when based on the average days of involvement across all 13 weeks, as well as when based on meeting the guidelines in at least 10 (77%) of the 13 weeks. The results from the 13-week queries are similar to those obtained by the 2008 NHIS 18 although the query method was different and the questions were worded slightly different in NHIS and the current study.
Although the results within method of query (single time versus each week for 13 weeks) were fairly consistent, there was a large difference in results between methods. Using the results from the single time queries resulted in a prevalence of meeting the muscle-strengthening activity guidelines that was twice as large as when the results from the 13 adjacent weeks were used, based on average days of performing muscle-strengthening activity across all 13 weeks or meeting the guidelines in at least 10 (77%) of the 13 weeks. It seems reasonable that results from recalling the PA at the end of each week provides a more accurate estimate than from recalling the past month's PA behavior or PA involvement in general. This is especially true for the comparison of the results from the last 13 weeks survey to the results from the Post survey since PA behavior is measured across, at least in part, the same time period. Thus, the findings of the current study suggest that using a single question to query muscle-strengthening activity behavior at a single time point results in a substantial overestimation of the number of women who meet the 2008 Physical Activity Guidelines for Americans when compared with querying muscle-strengthening activity behavior weekly for 13 weeks.
In addition to the general question on engagement in muscle-strengthening activity, the Post survey also included questions regarding specific muscle-strengthening activity behaviors. Although 36.6% of women answered that they perform resistance exercise ≥ 2 times per week, only 28.7% reported doing so for the whole body (upper-, lower-, and core-body) as recommended in the current National Physical Activity Guidelines for Americans. 15 Thus asking only if the respondent performs resistance exercise or muscle-strengthening activities (eg, NHIS 18 ) is not sufficient to determine if they meet the muscle-strengthening activity guidelines which recommend exercising all major muscle groups. Even asking specifically if they perform upper-, lower-, and core-body exercise might not be sufficient since multiple exercises are needed for all major muscle groups to be exercised, especially for the upper body. In addition, the Post survey showed that if Pilates, yoga, and exercise bands are included in muscle-strengthening activities, then 305 (222 + 83; 50.3%) of the women in our sample would be classified as meeting the muscle-strengthening activity guidelines. It is not possible to determine if the women who answered that they perform resistance training ≥ 2 times per week included the use of Pilates, yoga, or exercise bands as resistance training; however, 83 of the women who reported that they did not perform resistance exercise ≥ 2 days per week did report that they perform Pilates, yoga, and/or exercise bands for a combined ≥ 2 days per week.
This study found that, depending on query method, 36.6% to 42.1% (when asked once) and 17.0% to 19.8% (when asked every week for 13 weeks) of communitydwelling women reported engaging in muscle-strengthening activities ≥ 2 days per week (as recommended by the 2008 Physical Activity Guidelines for Americans 15 ) . A limitation of the current study is that 3 differently worded surveys were used, each at different points across the 1.5-to 3-year span study. The use of different wording for questions administered at different times prevents direct statistical comparison of query questions and method; however, important knowledge can still be obtained from the evaluation of results among the queries. Based on the similarities within query method (once OR every week for 13 weeks) and differences between query methods (once vs. every week for 13 weeks), the findings of this study suggest that 1) the variations in wording of a general question asked once regarding involvement in muscle-strengthening activity has little effect on the resultant PA profile of women, but 2) an accurate muscle-strengthening activity profile of women may not be obtained from asking a single question once. As in all cross-sectional surveys, well-developed and defined characteristics (eg, month, week, typical, average) will help elicit valid responses.
It is recommended that further investigations determine the nature and specific types of muscle-strengthening activities conducted by adults. The currently used national questions are not adequate to determine if individuals meet the national physical activity guidelines for muscle-strengthening activities. The 2008 Physical Activity Guidelines for Americans 15 recommend that adults engage in muscle-strengthening activities that involve moderate to high level of intensity and include all the major muscle groups of the body (legs, hips, back, chest, abdomen, shoulders, and arms) on ≥ 2 days per week. However, to date none of the national surveys (BRFSS, NHIS, NHANES) have queried muscle-strengthening activities in a manner that allows determination of meeting the guidelines as no muscle group specific questions are asked. The following modification to the 2011 BRFSS muscle-strengthening activity question is suggested.
"During the past month, how many times per week or per month did you do physical activities or exercises to STRENGTHEN your muscles? Do NOT count aerobic activities like walking, running, or bicycling. Count activities using your own body weight like yoga, sit-ups, or push-ups, and those using weight machines, free weights, or elastic bands." 19 Be specific to each of the following:
• Upper body
• Core body • Lower body.
A response of ≥ 2 days per week to each of these 3 body segments would better indicate muscle-strengthening activities sufficient to meet the 2008 Physical Activity Guidelines for Americans. 15 Querying muscle-strengthening activities at a single time point using terms and phrases that involve recall of long time periods (eg, during the past month . . .) or general terms (eg, do you typically . . .) results in a higher reported prevalence of engagement in muscle-strengthening activities, possibly due to recall bias. Querying each week for several weeks may provide a better indicator for engagement in muscle-strengthening activities sufficient to meet the 2008 Physical Activity Guidelines for Americans; 15 however, such a serial query method is not feasible for large national survey systems.
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